SUMMARY
The long range objective of the iOn accelerator development at RDI is to achieve a proton beam current of 5 to 10 m at 3 to 5 MeV energy.
Present performance is limited to 3 mA of mixed hydrogen ions at 3 MeV and 2 mA at 4 MeV despite the fact that both ion source and high voltage generators are capable of 10 mA service.
Symptoms of excess ion beam loading are; rapidly increasing vacuum, X-ray production, leakage current, and beam halo.
These observations can all be explained through the mechanism of scattering of the beam by residual gas in the acceleration tube. This effect is regenerative because scattered particles release more gas from the tube electrodes. The problem has been substantially reduced by a titanium getter-ion pump at the high voltage terminal.
In addition to the pump, a crossed-field mass analyzer has been operated in the terminal, Comparative data on machine performance with analyzed beams has shown that the loading effects are more severe with molecular ions. The data suggest that the goal of 5 to 10 mA of protons can be achieved through the proper use of vacuum pumping and mass analysis prior to acceleration. scattering events and will also produce an extended source of low energy electrons lying along the beam axis.
INTRODUCTION
These electrons will be accelerated back against the ion source producing X-rays which, in turn, will ionize the insulating gas, thus accounting for the observed leakage current. The leakage current and/or the halo of scattered ions can produce a distortion of the voltage gradient along the column which can be the cause of the sparking instabilities.
The worsening of the vacuum, in spite of constant gas flow to the ion source, can be caused by outgassing of the acceleration tube due to bombardment by high energy particles.
This mechanism is regenerative because outgassing causes more ion scattering events which, in turn, produce more outg8ssing.
In extreme gassy conditions after the machine has been exposed to air, the pressure may rise continually even with a constant ion beam current. tube of this machine is 12' long and has 3" apertures in the dynodes which are spaced 1" apart.
The maximum stable current at 3.0 MV was 0.6 mA with the pump off and 3.2 mA with the pump on, an increase of over 500% due solely to the improvement in the vacuum.
The correlation between ion current and base vacuum (measured at the grounded end of the machine)
is shown in Fig. 1 . The initial pressure with the source gas turned off and with the getter pump off was 1.4 x 10-7 torr.
The hydrogen flow to the ion source increased this to 2.3 x 10-7 torr.
During beam acceleration the pressure increased linearly with beam current to 4.4 x 10-7 torr at 0.6 mA of current on target at which point the pulsing instability was observed.
With the getter pump on,, the correlation was quite different. The initial rise in pressure caused by the source gas was reduced and the increase in pressure with beam was much less. It was possible to increase the beam to 3.2 mA before observing the beam pulsing effect which occurred at a pressure of about 4 x 10-7 torr as before.
The correlation between ion current and the current drain through the resistive divider on the tube is shown in Fig.  2 With the getter pump on, the drain was much reduced until at 3.2 mA of beam the increase again approached 40% and beam pulsing was observed.
The beam halo was also markedly reduced by the use of the getter pump. This was measured by intercepting the halo on a 1.0 cm aperture mounted just before the target.
The data is shown in Fig. 3 . At 0.6 mA of beam the halo is 70 PA with the pump off and about 8 PA with the pump on.
The correlation between the "corona current"
(leakage through the insulating SF-6 gas) and the beam current is shown in Fig. 4 The getter pump in the terminal had no effect during pulsed beam operation. Ry interrupting the arc of the ion source with a pulsed amplifier, slow beam pulses were produced with peak currents up to 8.0 mA and pulse lengths variable from 5 to 2000 p.
The repetition rate could be varied from 10 to 100 pulses per second. The ineffectiveness of the pump was consistent with the previous observation that the major portion of the gas load was due to outgassing caused by particle bombardment.
In pulsed mode the average beam current was too low to produce a significant effect and the regenerative build-up of pressure did not occur. The high value of the pulse current shows that the dc beam was not limited by emittance-acceptance matching problems and supports the gas scattering hypothesis.
EFFECTS OF TERMINAL MASS ANALYSIS
The hydrogen ion emission from a duoplasmatron source when operated at low intensity is rich in molecular ions. A typical mass spectrum is shown in Fig. 5 . This was obtained with a crossed-field analyzer and source combination built by ORTEC and mounted in the high voltage terminal of another 4.0 MV Dynamitron delivered to the University of Montreal. It is obvious that the power of the machine is largely wasted with this kind of source if all components of the beam are accelerated together.
Cf even greater significance was the X-ray induced loading caused by the molecular ions.
This data is presented in Fig.  6 .
By comparison with Fig. 5 it can be seen that the loading was greater for the heavier ions. The leakage current through the insulating gas with the pure proton beam was 7% of the beam current.
With the diatomic ions the leakage was 22% and with the triatomic ions it was 62% of the beam current.
This data was taken with a 6" 
